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Abstract
A novel series of benzofuran bearing thiazole hybrids were synthesized by the multistep reaction approach. All synthesized 
molecules were selected by the National Cancer Institute, USA for one-dose anticancer activity against 60 various human 
cancer cell lines indicating nine types of cancer. Among thirteen compounds, two compounds showed higher lethality, so, it 
was selected for five-dose anticancer screening against all cancer cell lines. Compound 8g and 8h were displayed remarkable 
antiproliferative activity with  GI50 values ranging from 0.295 to 4.15 μM and  LC50 values ranging from 4.43 to > 100 μM. 
All data are compared with standard drugs fluorouracil and doxorubicin. Compound 8g showed higher potency as a cytotoxic 
molecule then fluorouracil. Furthermore, all new hybrids were studied for molecular docking into the active binding sites 
of 1HOV protein.
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Introduction

Investigation of new pharmacophores is demanding in the 
current scenario. Several protocols have been established 
over the past few years. Using of a new building block to 
synthesize a numerous heterocyclic scaffold which shows a 
significant and diverse biological response. The heterocyclic 

compounds having diverse clubbed moieties show a diverse 
significant activity [1–3]. Cancer has long been documented 
as one of the common reasons for death [4]. Therefore, 
numerous different systems have been utilized to construct 
new therapies or to enhance prevailing treatment. The inves-
tigation of more potent, newly functionalized, and least toxic 
anticancer agents is the prime target for a researcher as of its 
widespread and severe infection.

Thiazole and its analogs are promising scaffolds in medic-
inal chemistry and many of them were reported to show a 
diversity of biological responses such as anti-Alzheimer, 
anti-hypolipidemic, anticancer, anti-HIV, anti-inflammatory, 
antihypertensive, antimicrobial, anticonvulsant, antiviral, 
antimalarial, and antidiabetic activities [5–15]. Furthermore, 
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their heterocyclic fused analogs have gained extensive atten-
tion due to their significant biological response. Thiazole 
ring-containing compounds have marked their existence in 
several clinically available anticancer drugs like dasatinib 
(tyrosine kinase inhibitor Bcr-Abl) [16], tiazofurin (IMP 
dehydrogenase inhibitor) [17], and dabrafenib (B-RAF 
enzyme inhibitor) [18].

Furthermore, benzofuran is an important class of hetero-
cyclic moiety of the fused heterocycle. Benzofuran analogs 
exhibit a diverse biological response such as kinase inhibi-
tor, antitumor, analgesic, and antimicrobial [19–22]. Addi-
tionally, benzofuran derivatives find applications including 
fluorescent sensors [23] and polymer-supported reagents 
[24]. The most renowned and recognized natural products 
containing benzofuran ring structure are amiodarone, ailan-
thoidol, and bufuralol compounds [25]. Moreover, some 
of the 2-arylbenzofuran compounds derived from natural 
products also have significant biological responses [26]. 
Recently, blood–brain permeable and oral active benzofuran 
derivatives have been found to exhibit potent anti-amyloid 
aggregation activity, which can make available an alternative 
treatment for Alzheimer’s disease [27].

Additionally, the hybridization of the molecule has gained 
much attention in the drug design area in the past decade. 
It includes the combination of two pharmacophore moie-
ties with diverse bioactivity to form a new hybrid molecule 
directing at enhancing their biological efficacy and overcom-
ing drug resistance [28]. Molecular docking is a powerful 
tool to identify and design biologically active compounds. 
Here, we performed a docking study on 1HOV (MMP-2) 

protein. MMP-2 is a member of the matrix metalloprotein-
ase family that has been implicated in tumor cell metastasis 
and angiogenesis. Solution structure of a catalytic domain 
of MMP-2 complexed with a hydroxamic acid inhibitor 
(SC-74020) [29]. 1HOV is associated mostly in patho-
genesis of colorectal cancer. In continuation of our efforts 
toward synthesis of bioactive molecules [30, 31]; herein, 
we wish to report a synthesis of hybrid molecules compris-
ing benzofuran linked with thiazole and their corresponding 
derivatives.

Results and discussion

Chemistry

The starting materials required in the synthesis of our 
aimed molecules are prepared as outlined in Scheme 1 and 
Scheme 2. Thus, 2-bromo-1-(2H-furo[2,3-f][1,3]benzodi-
oxol-6-yl)ethan-1-one 5a and 1-([1,3]dioxolo[4,5-f]ben-
zofuran-6-yl)-2-bromoethan-1-one 5b were, respectively, 
obtained in high yields by the reaction of the correspond-
ing phenol derivatives sesamol 1a and [1,1′-biphenyl]-4-ol 
1b with paraformaldehyde under a basic condition in the 
presence of anhydrous  MgCl2 to form the corresponding 
salicylaldehyde 2a and 2b. Followed by the cyclization 
of salicylaldehyde with chloroacetone in the presence of 
 K2CO3 at 0–5 °C for 2 h to get a product as 4a and 4b. 
Further bromination on acetyl carbon in the presence of  Br2 

Scheme 1  Synthesis of 1-([1,3]
dioxolo[4,5-f]benzofuran-6-yl)-
2-bromoethan-1-one from 
sesamol

Scheme 2  Synthesis of 
2-bromo-1-(5-phenylbenzo-
furan-2-yl)ethan-1-one from 
[1,1'-biphenyl]-4-ol
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in chloroform at 0–5 °C to get desired adducts 5a and 5b 
(Scheme 1, Scheme 2).

The present work aims to synthesize 4-([1,3]dioxolo[4,5-
f]benzofuran-6-yl)-2-(2-(substitutedbenzylidene)hydrazi-
nyl)thiazole (8a–j) and 4-(5-phenylbenzofuran-2-yl)-2-(2-
(substitutedbenzylidene)hydrazinyl)thiazole (9a–c). To 
achieve this target, we firstly synthesized 2-bromo-1-(2H-
furo[2,3-f][1,3]benzodioxol-6-yl)ethan-1-one 5a and 1-([1,3]
dioxolo[4,5-f]benzofuran-6-yl)-2-bromoethan-1-one 5b. 
Further it reacts with substituted hydrazinecarbothioamide 
(6a–j) to get final adducts. Several reaction conditions have 
been applied for the synthesis of desired adducts. One-pot 
reaction of N-(3,4,5-trimethoxybenzylidene)hydrazinecar-
bothioamide 6a, and 2-bromo-1-(2H-furo[2,3-f][1,3]ben-
zodioxol-6-yl)ethan-1-one 5a was chosen as a model reac-
tion. This reaction was screened against various solvents 
such as polar protic and polar aprotic. It was carried out by 
conventional heating method as well as microwave-assisted 
method (Table 1). From reaction optimization, we found 
that aqueous ethanol (1:1) was the best solvent in terms of 
yield, and the reaction was carried out without a catalyst. 
We tried to complete the reaction in aqueous media, but 
we did not get a good yield, after that the reaction was also 
performed at room temperature eventually no trace of the 
products was achieved even though a long time. Compar-
ing the time of completion for the reaction by conventional 
method and microwave irradiation method, we found that 
the microwave method was better than conventional heating 
method, because reaction was completed within 10 min and 
conventional heating method required 1.5–2 h.

The diversity of this reaction and substrate scope were 
evaluated by synthesizing a series of 4-([1,3]dioxolo[4,5-
f]benzofuran-6-yl)-2-(2-(substitutedbenzylidene)hydrazi-
nyl)thiazole (8a–j). The final adducts were achieved by 
the cyclocondensation reaction of substituted hydra-
zinecarbothioamide (6a–j) with 1-([1,3]dioxolo[4,5-f]
benzofuran-6-yl)-2-bromoethan-1-one 5a under the 
final optimal condition in good yield (Scheme 3). Simi-
larly, compound 1-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-
2-bromoethan-1-one 5b react with substituted hydrazi-
necarbothioamide (6a–c) under the same condition to get 

4-(5-phenylbenzofuran-2-yl)-2-(2-(substitutedbenzylidene)
hydrazinyl)thiazole 9a–c derivatives in good yields 
(Scheme 4).

Biology

The five-dose anticancer evaluation data showed that two 
compounds, 8g and 8h exhibited excellent activity with sig-
nificant low values of  GI50 (0.295 to 4.15 μM), TGI (1.45 
to > 100  μM) and  LC50 (4.43  μM to > 100  μM) against 
numerous cancer cell lines, some of them have lower than 
1.0  μM. The mean graph of  Log10GI50,  Log10TGI, and 
 Log10LC50 for all two compounds are displayed in Fig. 2 
and compared with the reference drugs fluorouracil and 
doxorubicin. From the data, all two compounds specifically 

Table 1  Reaction optimization 
for compound 8a using 
conventional heating and 
microwave irradiation method

Entry Solvent Conventional heating Microwave irradiation

Temp (oC) Time (min) Yield (%) Temp (oC) Time (min) Yield (%)

1 PEG-400 60 90 75 60 10 76
2 MeCN 70 90 54 70 10 58
3 THF 60 90 57 60 10 57
4 EtOH Reflux 90 80 80 10 85
5 H2O rt 180 Trace – – –
6 H2O Reflux 90 63 90 10 65
7 EtOH:  H2O (1:1) 70 90 83 70 10 92

Scheme  3  Microwave irradiated synthesis of thiazole-based dioxol 
ring fused benzofuran derivatives under aqueous ethanolic media

Scheme  4  Synthesis of thiazole-based benzofuran analogs in aque-
ous EtOH under microwave irradiation
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8g and 8h emerged with important  GI50 < 1.0 μM. The most 
potent compound 8g exhibited excellent  GI50 values for 
some specific cell lines and it compares with the reference 
drug fluorouracil (Fig. 1).

Results revealed that compound 8g (NSC D-804988/1) 
was the most active compound of the series with a very low 
value of  GI50 = 0.392 μM for CCRF-CEM, 0.382 μM for 
K-562 and 0.382 μM for MOLT-4 in Leukemia.  GI50 = 0.295 
for NCI-H522, 0.486 for A549, 0.506 for NCI-H226, 0.563 
for NCI-H460 in Non-Small Cell Lung Cancer (Table 2). 
Some of the other lower  GI50 values are mentioned in 
Table 3. Synthesized compound 8g showed more potency 
than reference drug fluorouracil but it was less potent than 
doxorubicin. Compound 8h has equivalent potency toward 
fluorouracil. Mean graph plotted for  Log10GI50,  Log10TGI 
and  Log10LC50 for compounds 8g, 8h and reference drugs 
fluorouracil and doxorubicin (Fig. 2). Five-dose data of com-
pounds revealed that synthesized molecule 8g showed good 
potency against leukemia and renal cancer cell lines (Fig. 3).

Molecular docking study

The matrix metalloproteinases (MMPs) are a family of zinc-
dependent enzymes that are required for extracellular matrix 
degradation and tissue remodeling. Many metalloproteins 
are reported to interact with benzofuran derivatives [32, 33]. 
All ligands were screened against the solution structure of 
a catalytic domain of mmp-2 complexed with sc-74020, 
1HOV protein. The protein (PDB ID: 1HOV) was retrieved 
from RCS Protein Data Bank (http:// www. rcsb. org). The 
interactions between protein docking binding sites are very 
compatible with ligands 8g and 8h, according to docking 

Fig. 1  Comparative value of  GI50 for 8g and fluorouracil for specific 
cell lines

Table 2  Percentage of growth of subpanel of tumor cell lines at sin-
gle-dose (10 µM) concentration

Cell line Growth percentage

8g
(NSC: D-814251/1)

8h
(NSC: D-814252/1)

Leukemia
CCRF-CEM 2.87 17.48
HL-60(TB) 2.27 16.25
K-562 4.08 21.66
MOLT-4  − 23.76 9.91
RPMI-8226  − 22.42 30.88
Non-small cell lung cancer
A549  − 38.60  − 10.08
EKVX 5.32 59.31
HOP-62  − 18.38 62.08
HOP-92  − 0.22 63.15
NCI-H226  − 56.27 58.37
NCI-H23  − 25.76 20.95
NCI-H322M 26.69 77.31
NCI-H460  − 27.24 13.34
NCI-H522  − 42.18 8.73
Colon cancer
COLO 205  − 28.83 6.46
HCC-2998  − 3.45 62.71
HCT-116  − 1.24 − 13.57
HCT-15 6.56 18.44
HT29 23.24 36.88
KM12  − 29.75 15.81
SW-620  − 33.95 2.26
CNS cancer
SF-268  − 34.61 39.25
SF-295  − 41.06 84.76
SF-539  − 80.04 7.00
SNB-19 3.35 53.94
SNB-75  − 0.26 51.16
U251  − 10.01 36.95
Melanoma
LOX IMVI  − 93.97  − 48.84
MALME-3 M  − 45.63 24.97
M14 16.58 52.47
MDA-MB-435  − 31.62 69.03
SK-MEL-2 51.34 90.79
SK-MEL-28 30.89 81.03
SK-MEL-5 5.79 87.40
UAAC-257 3.52 80.08
UAAC-62 1.76 88.83
Ovarian cancer
IGROV1  − 43.75 30.22
OVCAR-3  − 44.37 8.65
OVCAR-4  − 12.92 32.54
OVCAR-5 9.56 58.01
OVCAR-8  − 12.09 23.69

http://www.rcsb.org
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findings analysis (Figs. 4, 5). Results of docking study for 
active molecules into the active size of enzyme displayed 
various interactions especially Van der Waals, conventional 
hydrogen bond, π-cation, π-donor hydrogen bond, π-sulfur, 
π–π T-shaped, Amine-π stacked, and π-alkyl. The protein 
1HOV established two hydrogen bonds A: LEU124, A: 
GLY153 in ligand 8g on site dioxol ring and N=N, respec-
tively. Also, π-sulfur was established with A: TYR180 on 
thiazole ring and π-cation was generated with amino acid A: 
ARG126. The fused furan ring showed interaction with A: 
ALA149 and A: TYR180 via π–π T-shaped. Indole, furan 
and phenyl rings interacted with A: LEU124, A: ARG150, 
A: ARG126 and A: VAL154 by π-alkyl interaction. In ligand 
8h, two conventional hydrogen bond interactions were found 
with A: ARG122 on N of thiazole ring and N=N. The π–π 
T-shaped interaction was established with A: ALA149 and 
A: TYR180 on the phenyl ring of benzofuran. The phe-
nyl ring and both furan rings interact with amino acids A: 
ARG122, A: LEU124, A: ARG150 and A: ARG126 via 
π-alkyl interaction. The result of docking such as hydro-
phobicity and H-bonds, interpolated charge, and aromaticity 
attached as supplementary material.

Conclusion

In conclusion, we have synthesized thirteen novel com-
pounds as benzofuran and thiazole hybrids by the multistep 
reaction. Compounds were confirmed by the 1H NMR, 13C 
NMR, IR, and mass spectrometry. All synthesized com-
pounds were studied for molecular docking against 1HOV 
protein and further evaluated for single dose in vitro anti-
cancer activity. Among them, two compounds were selected 
for further five-dose screening. Data of anticancer screening 
revealed that the compound 8g has a higher potential than 
the reference drug fluorouracil, whereas compound 8h is 
equipotent to standard drug. It is expected that these syn-
thesized molecules will be evaluated for further medical 
applications.

Materials and methods

General

All melting points are uncorrected. Commercial chemicals, 
reagents, and solvents were used without further purifica-
tion. The purity of the reaction products was monitored 
by TLC on Merck Silica Gel G60 F254 plates with spot 
visualization with UV light (254 and 365 nm), iodine vapor, 
and aqueous  KMnO4. The 1H and 13CNMR spectra were 
recorded on a Bruker Advanced 400 MHz spectrometer at 
400 (1H) and 101 MHz (13C) in DMSO-d6 and  CDCl3. The 
1H NMR chemical shifts were measured in ppm relative to 
internal TMS. Mass spectra were recorded on a Shimadzu 
GC-MSQP-2010 mass spectrometer in EI (70 eV) model 
using the direct inlet probe technique and m/z is reported in 
atomic units per elementary charge.

General procedure for synthesis 
of 4‑hydroxybenzo[d][1,3]
dioxole‑5‑carbaldehyde (2a) and 4‑hydroxy‑ 
[1,1′‑biphenyl]‑3‑carbaldehyde (2a and 2b)

To a stirred solution of 1a and 1b (10 gm, 72.4 mmol) in 
THF (150 mL)  Et3N (20.5 mL, 144 mmol) was added fol-
lowed by  MgCl2 (13.7 gm, 144 mmol). The mixture was 
stirred for 20 min at RT, and then paraformaldehyde (45.2 
gm, 217  mmol) was added. The resultant mixture was 
refluxed for 3 h. The progress of the reaction was moni-
tored by TLC. The reaction mixture was cooled at room 
temperature and then poured in 1 N HCl (100 mL) and 
the product was extracted with ethyl acetate (3 × 30 mL), 
washed with brine, dried over  Na2SO4, filtered, and con-
centrated under reduced pressure to obtain a crude product. 

Table 2  (continued)

Cell line Growth percentage

8g
(NSC: D-814251/1)

8h
(NSC: D-814252/1)

NCI/ADR-RES 10.65 34.74
Renal cancer
786-0  − 40.05 1.77
A498  − 3.19 71.11
ACHN  − 31.41 11.09
CAKI-1  − 43.28 9.09
SN12C  − 12.28 38.94
TK-10 22.69 50.66
UO-31  − 96.53  − 43.38
RFX393 – 17.06
Prostate cancer
PC-3 1.87 33.57
DU-145  − 41.26 12.45
Breast cancer
MCF7  − 0.83 13.69
MDA-MB-231/ATCC  − 27.03 42.42
HS 578T  − 6.98 70.55
BT-549  − 56.91 48.56
T-47D  − 3.93 35.24
MDA-MB-468 0.52 27.31

Negative value indicates lethality of compound for specific cancer 
line
“–” sign indicates not tested



 Molecular Diversity

1 3

Table 3  Results of five-dose 
anticancer  activitya (cytotoxic 
activities of compounds 
expressed as  GI50, TGI,  LC50 
(µM) for compounds 8g and 8h 
against full NCI-60 cell lines)

Cell line Compound

8g (NSC: D-814251/1) 8h (NSC: D-814252/1)

GI50 TGI LC50 GI50 TGI LC50

Leukemia
CCRF-CEM 0.392  > 100  > 100 0.551 16.2  > 100
HL-60(TB) 2.18 14.4  > 100 2.70 7.59  > 100
K-562 0.382  > 100  > 100 2.10  > 100  > 100
MOLT-4 0.385 9.49  > 100 0.946 14.5  > 100
RPMI-8226 1.55  > 100  > 100 3.08 13.3  > 100
SR 0.912  > 100  > 100 1.29 25.3  > 100
Non-small cell lung cancer
A549 0.486 3.10  > 100 1.79 6.87  > 100
EKVX 1.27 6.44  > 100 2.25 10.9 71.6
HOP-62 1.60 7.95  > 100 3.04 12.6  > 100
HOP-92 1.49 5.34  > 100 1.94 8.99 43.3
NCI-H226 0.506 2.45 - 3.67 18.9  > 100
NCI-H23 1.77 5.19  > 100 1.51 4.22 32.4
NCI-H322M 3.37 15.7 68.0 4.15 24.2  > 100
NCI-H460 0.563 2.43 – 2.59 10.3  > 100
NCI-H522 0.295 1.45  − 0.625 2.97 67.7
Colon cancer
HCC-2998 2.06 5.13 30.3 3.52 12.9 57.7
HCT-116 2.13 10.2  > 100 1.57 4.03  > 100
HCT-15 1.14 3.25 9.29 1.10 3.03 -
HT29 3.32  > 100  > 100 2.99 7.62  > 100
KM12 0.449 2.04 7.74 1.85 5.14 23.5
SW-620 1.20 3.00 7.51 0.681 2.48 7.58
CNS cancer
SF-268 0.589 2.86  > 100 2.67 23.1  > 100
SF-295 1.82 4.31 12.2 2.78 11.5 53.5
SF-539 0.669 1.98 4.65 1.58 3.96 9.91
SNB-19 1.57 6.25 29.5 4.73 23.1  > 100
SNB-75 1.40 2.89 5.96 1.86 11.4 38.2
U251 1.32 -  > 100 2.90 14.5  > 100
Melanoma
LOX IMVI 0.426 1.70 5.22 1.35 2.76 5.64
MALME-3M 1.40 4.02 18.5 1.92 6.18 31.7
M14 3.34 12.7  > 100 2.90 11.6  > 100
MDA-MB-435 1.74 4.44 15.2 2.86 10.2 40.2
SK-MEL-2 2.60 8.07  > 100 3.11 11.3  > 100
SK-MEL-28 3.17 12.2 42.5 3.42 12.3 50.2
SK-MEL-5 1.66 3.23 6.28 2.08 4.60 10.9
UAAC-257 2.57 7.77  > 100 3.83 23.2  > 100
UAAC-62 1.75 3.72 7.92 3.81 14.5 42.3
Ovarian cancer
IGROV1 1.17 3.32 – 2.60 8.09  > 100
OVCAR-3 0.536 1.89 5.33 1.66 3.29 -
OVCAR-4 0.503 4.11 23.9 1.27 12.2 66.9
OVCAR-5 1.66 3.85 – 2.71 8.67 89.6
OVCAR-8 1.66  > 100  > 100 2.80  > 100  > 100
NCI/ADR-RES 2.25 –  > 100 2.21  > 100  > 100
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The crude product was purified by column chromatography 
using 60–120 silica gel and toluene as mobile phase, and the 
product was eluted in 100% toluene to get a product as 2a 
and 2b with 65–68% yield.

General procedure for synthesis of 1‑([1,3]
dioxolo[4,5‑f]benzofuran‑6‑yl)ethan‑1‑one 
(4a) and 1‑(5‑phenylbenzofuran‑2‑yl)
ethan‑1‑one (4a and 4b)

To stir compounds 2a/2b (5 gm) in dry acetone (40 mL) and 
 K2CO3 (8.31 gm, 60.2 mmol). The reaction mixture was 
stirred for 10 min at 0 °C. After that, 1-chloropropan-2-one 
(3.34 gm, 36.1 mmol) was added dropwise. Then the reac-
tion mixture was stirred at room temperature (27 °C) for 4 h. 
The progress of the reaction was monitored by TLC. After 
the completion of reaction, the mixture was poured into ice-
cold water; a solid product was separated by filtration and 
washed with water, dried under vacuum to obtain products 
as 4a/4b with 93–95% yield.

Table 3  (continued) Cell line Compound

8g (NSC: D-814251/1) 8h (NSC: D-814252/1)

GI50 TGI LC50 GI50 TGI LC50

Renal cancer
786-0 0.445 1.88 – 1.97 4.94 21.3
ACHN 0.860 2.61 7.25 1.85 11.3 35.8
CAKI-1 1.18 3.21 8.70 0.854 6.69 55.9
RFX393 1.33 2.78 5.84 1.80 5.13 19.6
SN12C 0.374 3.98  > 100 2.97 12.7 53.3
TK-10 2.40 5.59 18.20 3.38 24.7  > 100
UO-31 0.348 1.57 4.43 0.590 3.68 23.7
Prostate cancer
PC-3 0.519 6.20  > 100 1.79 12.4  > 100
DU-145 0.739 3.31 17.2 2.02 5.49 21.8
Breast cancer
MCF7 0.566 5.39  > 100 0.683 7.19  > 100
MDA-MB-231/ATCC 0.502 2.42 – 1.64 3.83 8.97
HS 578T 2.02 6.02  > 100 2.74 22.2  > 100
BT-549 1.32 7.55  > 100 3.43 15.2 69.8
T-47D 2.09  > 100  > 100 1.27 9.47  > 100
MDA-MB-468 1.01 6.06  > 100 2.14 7.14  > 100

For the compound  GI50 value less than 1.0 μM were in italics
“–” means not tested
a Data derived from NCI-60 human cell lines

Fig. 2  Mean  Log10GI50,  Log10TGI and  Log10LC50 values of 8g, 8h 
and reference drug



 Molecular Diversity

1 3

General procedure for synthesis 
of 1‑([1,3]dioxolo[4,5‑f]
benzofuran‑6‑yl)‑2‑bromoethan‑1‑one (5a) 
and 2‑bromo‑1‑(5‑phenylbenzofuran‑2‑yl)
ethan‑1‑one (5a and 5b)

A stirred solution of 4a/4b (5 gm, 24.5 mmol) in dry chlo-
roform (30 mL) was stirred at 0 °C. Then freshly prepared 
bromine solution (1.5 mL in 30 mL  CHCl3, 29.4 mmol) was 
added dropwise by addition funnel. The reaction mixture 
was stirred at room temperature (27 °C) for 5 h. The progress 

of the reaction was monitored by TLC. After the completion 
of reaction, a saturated solution of  Na2S2O3 (25 mL) was 
added. Unreacted bromine was removed by the addition of 
 CHCl3 (3 × 30 mL) and organic layer dried over  Na2SO4 then 
filtered and concentrated under reduced pressure to obtain 
a crude product. The crude product was purified by column 
chromatography using 60-120 silica gel (stationary phase) 
and toluene (mobile solvent) to achieved a product as 2a and 
2b with 65-68% yield.

Fig. 3  Five-dose anticancer graph of compound 8g for leukemia and renal cancer

Fig. 4  2D and 3D visualization of ligand (8g) and amino acid residues of protein by using Discovery studio
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General procedure for synthesis of 4‑([1,3]
dioxolo[4,5‑f]benzofuran‑6‑yl)‑2‑(2‑ 
(substitutedbenzylidene)hydrazinyl)thiazole 
(8a–j) and 2‑(2‑(substitutedbenzylidene)
hydrazinyl)‑4‑(5‑phenylbenzofuran‑2‑yl) 
thiazole (9a–c)

To stirred a compound 2a/2b (5 gm)in dry acetone (40 mL) 
followed by addition of  K2CO3 (8.31 gm). The progress of 
the reaction was monitored by TLC. After the completion 
of reaction, the resulting mixture was poured into ice-cold 
water. The solid material was filtered and wash with water. 
The crude product was purified by recrystallized method 
from 95% EtOH to an obtained pure solid product. Yield: 
80–92%.

Spectral analysis

6-hydroxybenzo[d][1,3]dioxole-5-carbaldehyde (2a): 1H 
NMR (400 MHz, DMSO-d6) δ 11.72 (s, 1H), 3.55 (s, 1H), 
6.78 (s, 1H), 6.39 (s, 2H), 5.92 (s, 2H).

1-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-2-bromoethan-
1-one (5a): 1H NMR (400 MHz, DMSO-d6) δ 7.88 (d, 
J = 0.8 Hz, 1H), 7.194 (d, J = 5.6 Hz, 2H), 6.01 (s, 2H), 4.31 
(s, 2H).

5-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-2-(2-(3,4,5-
trimethoxybenzylidene)hydrazinyl)thiazole (8a): IR 
(KBr, νmax,  cm−1) 3471 (–N–H aliphatic), 3086 (C–H, 
str., aromatic), 2939 (C–H, str., alkene), 2877 (C–H, 

str.,alkane),1612 (–NH–, bend., sec. amine), 1573 (C=C, 
str., Ar), 1504 (C=C, ben., Ar), 1458(–C–S, str., aromatic), 
1319 (C–N str., aromatic), 1234 (C–H, bend., –CH3), 1172 
(C–O str., alip. ether), 1033 (C=C bend.), 840 (p-disubsti-
tuted aromatic). 779–725 (m-disubstituted aromatic). 1H 
NMR (400 MHz, DMSO-d6) δ 12.31 (s, 1H), 7.97 (s, 1H), 
7.28 (s, 1H), 7.18 (s, 1H), 7.13 (s, 1H), 6.99 (s, 1H), 6.93 
(d, J = 4 Hz, 2H), 6.06 (s, 2H), 3.83 (s, 6H), 3.67 (s, 3H). 
mass m/z: 453.

5-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-2-(2-(anthracen-
9-ylmethylene)hydrazinyl)thiazole (8b): IR (KBr, νmax, 
 cm−1) 3417 (–N–H aliphatic), 3047 (C–H, str., aromatic), 
2901 (C–H, str., alkene), 2777 (C–H, str., alkane), 1627 (–
NH–, bend., sec. amine), 1566 (C=C, str., Ar), 1450 (C=C, 
ben., Ar), 1365 (–C–S., str., aromatic), 1311 (C–N str. aro-
matic), 1242 (C–H, bend., –CH3), 1172 (C-O str., alip.ether), 
1033 (C=C bend.), 840 (p-disubstituted aromatic). 1H NMR 
(400 MHz, DMSO-d6) δ 12.53 (s, 1H), 9.27 (s, 1H), 8.69 
(d, J = 10.0 Hz, 3H), 8.16 (d, J = 8.4 Hz, 2H), 7.57–7.68 (m, 
4H), 7.30 (s, 1H), 7.22 (s, 1H), 7.16 (s, 1H), 7.00 (s, 1H), 
6.07 (s, 2H), Mass m/z: 463.

5-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-2-(2-(thiophen-
2-ylmethylene)hydrazinyl)thiazole (8c): IR (KBr, νmax, 
 cm−1) 3333 (–N–H aliphatic), 3117 (C–H, str., aromatic), 
3032 (C–H, str., alkene), 2805 (C–H, str., alkane), 1635 
(-NH-, bend., sec. amine), 1566 (C=C, str., Ar), 1458 
(C=C, ben., Ar), 1411 (–C–S, str. aromatic), 1311 (C–N str. 
aromatic), 1242 (C–H, bend., –CH3), 1172 (C–O str., alip. 
ether), 1033 (C=C bend.), 856 (p-disubstituted aromatic). 1H 

Fig. 5  2D and 3D visualization of ligand (8h) and amino acid residues of protein by using Discovery studio
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NMR (400 MHz, DMSO-d6) δ 12.64 (s, 1H), 8.24 (s, 1H), 
7.60 (d, J = 5.2 Hz, 1H), 7.39 (d, J = 3.2 Hz, 1H), 7.28 (s, 
1H), 7.10–7.17 (m, 3H), 6.95 (s, 1H), 6.07 (s, 2H). 13C NMR 
(101 MHz, DMSO-d6) δ 168.37, 151.46, 149.27, 146.03, 
144.41, 141.79, 138.95, 137.14, 129.40, 127.85, 121.58, 
104.46, 102.97, 101.31, 99.60, 93.46. Mass m/z: 369.

4-((2-(5-([1,3]dioxolo[4,5-f]benzofuran-6-yl)thiazol-2-yl)
hydrazono)methyl)benzonitrile (8d): IR (KBr, νmax,  cm−1) 
3410 (-N–H aliphatic), 3279 (C–H, str., aromatic), 3124 
(C–H, str., alkene), 2901 (C–H, str., alkane), 2214 (–CN 
str., aromatic), 1728 (-NH, bend., sec. amine), 1566 (C=C, 
str., Ar), 1496 (C=C, ben., Ar), 1450 (–C–S, str., aromatic), 
1311 (C–N str., aromatic), 1242 (C–H, bend., –CH3), 1165 
(C-O str., alip. ether), 1033 (C=C bend.), 825 (p-disubsti-
tuted benzene). 1H NMR (400 MHz, DMSO-d6) δ 12.48 (s, 
1H), 8.05 (s, 1H), 7.81 (dd, J = 21.2, 8.4 Hz, 4H), 7.21 (d, 
J = 10.0 Hz, 2H), 7.10 (s, 1H), 6.94 (s, 1H), 6.02 (s, 2H). 
13C NMR (101 MHz, DMSO-d6) δ 168.41, 151.35, 149.26, 
146.02, 144.39, 139.58, 138.65, 132.70, 126.71, 121.58, 
118.79, 110.90, 105.09, 103.12, 101.29, 99.63, 93.41. Mass 
m/z: 388.

5-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-2-(2-(2,4-dichlo-
robenzylidene)hydrazinyl)thiazole (8e): IR (KBr, νmax, 
 cm−1) 3279 (–N–H aliphatic), 3132 (C–H, str., aromatic), 
3063 (C–H, str., alkene), 2993 (C–H, str., alkane), 1573 (–
NH–, bend., sec. amine), 1473 (C=C, str., Ar), 1450 (C=C, 
ben., Ar), 1365 (–C–S, str., aromatic), 1311 (C–N str., aro-
matic), 1242 (C–H, bend., –CH3), 1165 (C-O str., alip.
ether), 1041 (C=C bend.), 879 (p-disubstituted). 1H NMR 
(400 MHz, DMSO-d6) δ 12.56 (s, 1H), 7.58 (d, J = 13.1 Hz, 
2H), 7.31 (s, 1H), 7.19 (s, 1H), 7.12 (d, J = 3.8 Hz, 2H), 6.98 
(s, 1H), 6.56 (s, 1H), 6.05 (s, 2H). Mass m/z: 431.

5-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-2-(2-(4-fluoroben-
zylidene)hydrazinyl)thiazole (8f): IR (KBr, νmax,  cm−1) 
3495 (–N–H aliphatic), 3286 (C–H, str., aromatic), 3109 
(C–H, str., alkene), 2885 (C–H, str., alkane), 1735 (–NH, 
bend., sec. amine), 1558 (C=C, str., Ar), 1404 (C=C, ben., 
Ar), 1450 (–C–S., str., aromatic), 1365 (C–N str., aromatic), 
1226 (C–H, bend., –CH3), 1165 (C-O str., alip. ether), 1033 
(C=C bend.), 825 (p-disubstituted benzene). 1H NMR 
(400 MHz, DMSO-d6) δ 11.98 (s, 1H), 8.02 (s, 1H), 7.72 
(m, 2H), 7.26 (m, 3H), 7.17 (s, 1H), 7.12 (s, 1H), 6.94 (s, 
1H), 6.03 (s, 2H). 13C NMR (101 MHz, DMSO-d6) δ 168.77, 
163.87, 161.42, 151.48, 149.23, 145.99, 144.37, 141.96, 
140.72, 130.76, 128.32, 121.60, 116.00, 115.78, 104.53, 
103.01, 101.28, 99.63, 93.41. Mass m/z: 381.

2-(2-((1H-indol-3-yl)methylene)hydrazinyl)-5-([1,3]
dioxolo[4,5-f]benzofuran-6-yl)thiazole (8g): IR (KBr, νmax, 
 cm−1) 3371 (–N–H aliphatic), 3093 (C–H, str., aromatic), 

3055 (C–H, str., alkene), 2893 (C–H, str., alkane), 1627 
(–NH–, bend., sec. amine), 1535 (C=C, str., Ar), 1489 
(C=C, ben., Ar), 1458 (–C–S, str., aromatic), 1303 (C–N 
str., aromatic), 1246 (C–H, bend., –CH3), 1165 (C–O str., 
alip. ether), 1033 (C=C bend.), 825 (p-disubstituted ben-
zene). 1H NMR (400 MHz, DMSO-d6) δ 11.60 (s, 1H), 8.33 
(s, 1H), 8.27 (d, J = 7.5 Hz, 1H), 7.82 (d, J = 2.7 Hz, 1H), 
7.52 (d, J = 7.5 Hz, 1H), 7.32 (s, 1H), 7.26 (m, 2H), 7.20 
(d, J = 4.0 Hz, 2H), 7.02 (s, 1H), 6.10 (s, 2H). 13C NMR 
(101 MHz, DMSO-d6) δ 169.20, 151.46, 149.22, 145.97, 
144.37, 141.52, 140.09, 137.01, 129.70, 123.90, 122.68, 
121.63, 121.50, 120.55, 111.95, 111.43, 103.69, 102.93, 
101.28, 99.65, 93.41.

5-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-2-(2-(furan-2-yl-
methylene)hydrazinyl)thiazole (8h): IR (KBr, νmax,  cm−1) 
3431 (–N–H aliphatic), 3117 (C–H, str., aromatic), 2901 
(C–H, str., alkene), 2777 (C–H, str., alkane), 1635 (–NH–, 
bend., sec. amine), 1566 (C=C, str., Ar), 1496 (C=C, ben., 
Ar), 1458 (–C–S, str., aromatic), 1365 (C-N str., aromatic), 
1311 (C–H, bend., –CH3), 1242 (C-O str., alip. ether), 1018 
(C=C bend.), 879 (p-disubstituted benzene). 1H NMR 
(400 MHz, DMSO-d6) δ 12.48 (s, 1H), 7.92 (s, 1H), 7.81 
(d, J = 1.2 Hz, 1H), 7.28 (s, 1H), 7.17 (s, 1H), 7.12 (s, 1H), 
6.93 (s, 1H), 6.82 (d, J = 3.3 Hz, 1H), 6.61 (dd, J = 3.3, 
1.8 Hz, 1H), 6.05 (s, 2H). 13C NMR (101 MHz, DMSO-d6) 
δ 168.40, 151.51, 149.27, 149.13, 146.02, 144.64, 144.41, 
141.85, 131.99, 121.58, 112.58, 112.07, 104.41, 102.98, 
101.31, 99.60, 93.48.

5-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-2-(2-(pyridin-3-yl-
methylene)hydrazinyl)thiazole (8i): IR (KBr, νmax,  cm−1) 
3417 (–N–H aliphatic), 3263 (C–H, str., aromatic), 3124 
(C–H, str., alkene), 2916 (C–H, str., alkane), 1666 (–NH–, 
bend., sec. amine), 1566 (C=C, str., Ar), 1465 (C=C, ben., 
Ar), 1411 (- C-S., str., aromatic), 1365 (C–N str., aromatic), 
1311 (C–H, bend., –CH3), 1242 (C–O str., alip. ether), 
1033 (C=C bend.), 840 (p-disubstituted benzene). 1H NMR 
(400 MHz, DMSO-d6) δ 12.46 (s, 1H), 9.03 (d, J = 1.5 Hz, 
1H), 8.83–8.73 (m, 1H), 8.54 (d, J = 8.1 Hz, 1H), 8.15 (s, 
1H), 7.88 (dd, J = 8.0, 5.4 Hz, 1H), 7.29 (d, J = 4.1 Hz, 2H), 
7.14 (s, 1H), 6.96 (s, 1H), 6.06 (d, J = 4.4 Hz, 2H). 13C NMR 
(101 MHz, DMSO-d6) δ 168.26, 151.37, 149.31, 146.10, 
144.45, 142.90, 138.12, 136.42, 132.56, 126.07, 121.55, 
105.25, 103.12, 101.34, 99.62, 93.49.

5-([1,3]dioxolo[4,5-f]benzofuran-6-yl)-2-(2-(3-nitroben-
zylidene)hydrazinyl)thiazole (8j): IR (KBr, νmax,  cm−1) 
3225 (–N–H aliphatic), 3132 (C–H, str., aromatic), 3093 
(C–H, str., alkene), 2916 (C–H, str.,alkane), 1654 (–NH–, 
bend., sec. amine), 1566 (C=C, str., Ar), 1524 (C=C, ben., 
Ar), 1458 (–NO2, str., aromatic), 1411 (–C–S, str., aro-
matic), 1350 (C–N str., aromatic), 1234 (C–H, bend., –CH3), 
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1172 (C–O str., alip.ether), 1041 (C=C bend.), 840 & 732 
(m-disubstituted aromatic). 1H NMR (400 MHz, DMSO-
d6) δ 12.46 (s, 1H), 8.41 (t, J = 4.0, 1H), 8.16 (m, 1H), 8.13 
(s, 1H), 8.04 (d, J = 7.9 Hz, 1H), 7.70 (t, J = 8.0 Hz, 1H), 
7.23 (s, 1H), 7.19 (s, 1H), 7.11 (s, 1H), 6.94 (s, 1H), 6.03 
(s, 2H). 13C NMR (101 MHz, DMSO-d6) δ 168.48, 151.38, 
149.24, 148.15, 145.99, 144.37, 139.22, 136.02, 132.30, 
130.40, 123.42, 121.58, 120.13, 104.97, 103.07, 101.28, 
99.62, 93.39.

5-(5-phenylbenzofuran-2-yl)-2-(2-(3,4,5-trimethoxy-
benzylidene)hydrazinyl)thiazole (9a): IR (KBr, νmax, 
 cm−1) 3417 (–N–H aliphatic), 2931 (C–H, str., aromatic), 
2823 (C–H, str., alkene), 2762 (C–H, str.,alkane), 1627 (–
NH, bend., sec. amine), 1573 (C=C, str., Ar), 1496 (C=C, 
ben., Ar),1450 (–C–S, str., aromatic), 1319 (C–N str., aro-
matic),1242 (C–H, bend., –CH3), 1134 (C–O str., alip. 
ether), 1049 (C=C bend.), 825 (p-disubstituted aromatic). 
756–941 (m-disubstituted aromatic). 1H NMR (400 MHz, 
DMSO-d6) δ 12.33 (s, 2H), 7.99 (s, 3H), 7.92 (d, J = 1.5 Hz, 
3H), 7.68 (dd, J = 12.4, 5.1 Hz, 10H), 7.59 (dd, J = 8.6, 
1.8 Hz, 3H), 7.47 (t, J = 7.7 Hz, 7H), 7.35 (m, 6H), 7.12 (s, 
3H), 7.00 (s, 6H), 3.84 (d, J = 9.3 Hz, 19H), 3.70 (s, 9H). 
Mass m/z: 485.

2-(2-(anthracen-9-ylmethylene)hydrazinyl)-5-(5-phenylb-
enzofuran-2-yl)thiazole (9b): IR (KBr, νmax,  cm−1) 3471 
(–N–H aliphatic), 3117 (C–H, str., aromatic), 3047 (C–H, 
str., alkene), 2890 (C-H, str.,alkane), 1643 (–NH, bend., 
sec. amine), 1573 (C=C, str., Ar), 1512 (C=C, ben., Ar), 
1450 (–C–S., str., aromatic), 1303 (C–N str., aromatic), 1249 
(C–H, bend., –CH3), 1180 (C–O str., alip.ether), 1049 (C=C 
bend.), 879 (p-disubstituted benzene), 1H NMR (400 MHz, 
DMSO-d6) δ 12.50 (s, 1H), 9.28 (s, 1H), 8.70 (d, J = 10.0 Hz, 
3H), 8.17 (d, J = 8.4 Hz, 2H), 7.95 (d, J = 1.6 Hz, 1H), 7.70 
(dd, J = 8.3, 3.1 Hz, 3H), 7.66 (d, J = 8.6 Hz, 2H), 7.60 (m, 
3H), 7.49 (t, J = 12 Hz, 2H), 7.42 (s, 1H), 7.37 (t, J = 16 Hz, 
1H), 7.19 (s, 1H). 13C NMR (101 MHz, DMSO-d6) δ 168.87, 
153.78, 152.60, 140.65, 140.50, 135.89, 130.97, 129.31, 
129.17, 129.08, 128.92, 127.19, 126.93, 125.56, 124.80, 
124.55, 123.90, 119.44, 111.30, 106.40, 102.69. Mass m/z: 
495.

5-(5-phenylbenzofuran-2-yl)-2-(2-(thiophen-2-ylmeth-
ylene)hydrazinyl)thiazole (9c): IR (KBr, νmax,  cm−1) 3441 
(–N–H aliphatic), 3109 (C–H, str., aromatic), 3063 (C–H, 
str., alkene), 2910 (C–H, str., alkane), 1635 (–NH–, bend., 
sec. amine), 1566 (C=C, str., Ar), 1504 (C=C, ben., Ar), 
1450 (–C–S., str., aromatic), 1357 (C–N str., aromatic), 1273 
(C–H, bend., –CH3), 1126 (C-O str., alip. ether), 1049 (C=C 
bend.), 872 (p-disubstituted benzene). 1H NMR (400 MHz, 
DMSO-d6) δ 12.17 (s, 1H), 8.25 (s, 1H), 7.93 (d, J = 1.6 Hz, 
1H), 7.71 (d, J = 1.2 Hz, 1H), 7.68 (d, J = 8.8 Hz, 2H), 7.61 
(m, 2H), 7.48 (t, J = 7.7 Hz, 2H), 7.39 (dt, J = 14.7, 4.3 Hz, 

3H), 7.12 (dd, J = 5.6, 2.9 Hz, 2H). 13C NMR (101 MHz, 
DMSO-d6) δ 168.53, 153.74, 152.58, 141.74, 140.50, 
138.95, 137.17, 135.86, 129.44, 129.14, 128.90, 127.88, 
127.04, 126.91, 123.84, 119.40, 111.27, 106.37, 102.53. 
Mass m/z: 401.

Biology

Anticancer screening at a one‑dose (10 µM) concentration

The anticancer screening of the newly prepared compounds 
8a–j and 9a–c was carried out at NCI, USA under the screen-
ing project at the National Cancer Institute (NCI), USA for 
primary in vitro one-dose anticancer screening against full 
NCI-60 cell line panels representing nine different kinds of 
cancer including leukemia, lung, colon, melanoma, ovary, 
kidney, brain, prostate, and breast cancers in accordance 
with the protocol (http:// dtp. nci. nih. gov). All newly syn-
thesized hybrids were selected by NCI, USA for the single 
dose (10 μM) and screening results of all the ten molecules 
displayed excellent anticancer activity with a broad spectrum 
of cytotoxic activity (cytotoxicity ranging from 0–100%) 
against sixty cancer cell lines and results represented in 
Table 3.

In vitro anticancer screening at five‑dose full NCI‑60 
cell lines

The single-dose screening results showed that two com-
pounds including 8g and 8h were found to be more potent 
in a preliminary test on sixty human cancer cell lines and 
were selected for an advanced assay against a panel of sixty 
cancer cell lines at tenfold dilutions of five concentrations 
(100 μM, 10 μM, 1 μM, 0.1 μM, and 0.01 μM) [34, 35]. The 
results of the five-dose screening of all nine compounds are 
presented in terms of response parameters  GI50, TGI, and 
 LC50 for each cell line tested.

Molecular docking

All docking tests used the AutoDock Vina program, using 
the optimized model as the docking target [36]. The screen-
ing technique is limited to molecular docking, and there is 
no molecular dynamics modeling. The protein (PDB ID: 
1HOV) was retrieved from RCS Protein Data Bank (http:// 
www. rcsb. org). All the molecules were sketched using 
Chem-Draw ultra-14.0, and molecules in CDX format have 
been converted to MOL format using ChemBio3D ultra-
14.0. All MOL files are converted into pdb format using 
openbabel. Molecules in pdb format projected to AutoDock 
vina and selected as ligand molecules and saved as pdbqt 
format. The Protein preparation was completed by AutoDock 
Vina software. From the protein, deleted water molecules, 

http://dtp.nci.nih.gov
http://www.rcsb.org
http://www.rcsb.org
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added polar hydrogen and added Kollman charge. After 
completing the described process, all molecules were saved 
in pdbqt format. The structures of the small compounds were 
improved using the classical MM2 force field before testing 
against 1HOV target proteins; the active site aspartates of 
targets were regarded as rigid. The 3D crystal structure of a 
protein, Matrix Metalloproteinase-2 (1HOV), was obtained 
from the Protein database and is associated mostly with the 
pathogenesis of colorectal cancer [37]. The active or binding 
sites of the receptors were determined using online servers.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11030- 022- 10493-7.
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